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J. Physique 44 (1983) 169 [1, 3] . Here, we shall focus on the Raman and infrared spectroscopy of internal molecular modes. Indeed, in ODIC phases, the internal molecular vibrations often give rise to broadened infrared and Raman lineshapes which are at least partly due to the rotational freedom of the molecules [2, 4] . This paper merely intends to use the formalism of symmetry adapted functions (SAF), largely developed in two previous papers [5, 6] to analyse the rotational information which can be extracted from the Raman and infrared lineshapes of internal modes.
In fact, this paper is mainly the continuation of those two previous papers [5, 6] which hereafter will be referred to as (I) Gordon [7] and since, it has been widely extended in the framework of molecular liquids [8, 9] . The SAF formalism allows to extend those previous results to the case of anisotropic crystalline sites. In summary, it allows to make precise which ones of the independent rotational correlation functions are measured through each spectral component of each internal molecular mode depending on both the site symmetry and the symmetry of the internal molecular mode. Thus, the components of these tensors in the crystal axes depend on time only through the molecular reorientational motion : as usual, the orientation of the molecule L at time t is described through the rotation OL(t) which brings the crystal axes (x, y, z) in coincidence with the molecular fixed axes (xL, yL, zL).
In the crystal axes, the cartesian components (E Lj'n'(t) "b and II"Lj'n'(t)) of the derivative polarizability and dipole moment derive from the molecular fixed axis components (e Jlfl and nj:n') through the following rotational relation : .
. The decoupling approximation assumes that the fluctuations of the coupling terms are unimportant either because their amplitude is negligible (in the weak coupling approximation) or because they are too fast compared to the correlation time of vibrational coordinates (in the case of motional narrowing).
In part 4, we shall see that these two approximations (namely the Kastler Roussel hypothesis and the decoupling approximation) are sufficient to derive some information about the static aspect of the orientational disorder (measurement of the first coefficients of PO(Q)) from the integrated spectral intensity of internal modes.
In part 5, we shall furthermore assume that there is no coupling between the internal modes of different molecules, i.e.
in that case, the decoupling approximation simply assumes that the local molecular field VLL(T S2 }) does not depend much on the molecular orientations, so that the vibrational correlation function can be written as
Up to now, we have neglected the effect of Coriolis coupling which may be important if the mode j' is in the vector representation of the molecular group. Up to first order, Coriolis forces induce a coupling between the (n, n') degenerate coordinates of the mode j', which is proportional to the angular velocity of the molecule. As it will be clear later, the Raman and infrared detection process decouples the normal coordinate n and n' and thus, Coriolis effect can simply be taken into account in the vibrational correlation function ovib Before discussing these points, it is useful to simplify expressions (2.6) and (2.7) . This is the purpose of part 3.
3. Application of group theory to the Raman and infrared spectroscopy of molecular crystals. - [10] . This implies that if a tensorial object T has the spherical component TML in a
given (x, y, z) axis system, the spherical component T ML of T in a new axis system (x', y', z') obtained from the old one (x, y, z) through the rotation Q = (a, fl, y) (defined in (x, y, z)) are where D"'(0) = D7m'(ex, f3, y) are the Wigner function as given e.g. by Rose [10] .
(1) The formula (3. 3) In the formalism, the rotational contribution to the Raman and infrared lineshapes of internal mode appears in terms of correlations between functions of the molecular orientations, ð 'V" (Q L( t»), which are just the symmetry adapted functions introduced in (I). This formulation is going to be used throughout the next two parts where it appears to be very useful especially in the case of high molecular and site symmetry. 4 . The integrated intensity of Raman internal line : measurement of the p.df. P o(Q). -One of the most important features in the description of plastic phases is the statistical distribution of molecular orientations. It can range between two extreme cases : a) an isotropic distribution of molecular orientations and b) a distribution of the molecules among a finite set of possible orientations. As usual, we call p.d.f. (probability density function) the function PO(Q) which describes the probability density, for a molecule, to have the orientation Q.
In (I), we used the canonical basis { AÅ/'(Q) }, adapted to the site and molecular symmetry, to write down an explicit development of the p.
d.f. P o(Q)
This development allows, a priori, the symmetry of the molecule as well as the site symmetry to be taken into account and yields a reduced set of relevant and non redundant coefficients (A '0'6), the values of which characterize the amount of anisotropy present in the statistical distribution of molecular orientations.
Let us simply recall that those coefficients are divided into two classes :
(i) Coefficients of the first kind : A for which the indices h § and AO+ belong to the identity representation (To , and To+) of respectively the site and the molecular group.
(ii) Coefficients of the second kind : A "0-'0-; they exist only when both the site (S) and molecular (A) groups contain improper rotations, in which case the indices Ào and Ao belong respectively to the second representation (r 0-and to ) of S and fl which induces the identity representation of the subgroups Sr (of S) and Ar (of m) which contain only pure rotations.
The purpose of this part is to show how the measurement of the integrated intensity of Raman internal lines provides a numerical estimate of some of the first kind coefficients in the development ( [11] . It has also be used, at room temperature, in adamantane C 1 oH 16 [ 12] , where it was found that the value obtained for this unique coefficient was-the same for various internal modes and also agreed with its value determined by neutron scattering [ 13] . This technique has been used to measure the a4 coefficient for the high-temperature phase of KCN [ 15] and the obtained value is again in agreement with the corresponding neutron measurements [ 16] . 5 . The rotational contribution to Raman and infrared lineshapes. -As already stated in part 2, in general, the Raman and infrared detection processes involve, the vibrational and orientational dynamics of the molecules in a complicated mixed way. However, things become simpler if, besides the Kastler Rousset hypothesis and the decoupling approximations, we can further assume that there is no coupling between the internal modes of different molecules (3) . Indeed, under these conditions, inserting (2.11) into (3.18a) we find the independent Raman spectra under the form where with ø j!b(t) being defined by (2.11 and it is obvious to identify the coefficients B of this development with the self-orientational correlation functions appearing in (5.3) ; indeed :
Furthermore, it was shown in (II) that, owing to the site and molecular symmetry, the development (5.4) includes only a small number of non trivial and independent coefficients, which implies that there is also a small number of independent symmetry adapted self-correlation functions. To make things more precise we recall here the conclusions obtained in (II) :
If we set (with the usual meaning of these notations), (i) One independent coefficient of the first kind arises for each possible association of mutually contravariant representations for both the site group and the molecular group only the independent self-correlation functions for 11 and 
